ABSTRACT
INTRODUCTION
Obstetric anal sphincter injuries (OASIS) can have a devastating effect on a woman's mental, physical and social wellbeing 1, 2 and the management of subsequent pregnancies is influenced by this diagnosis [2] [3] [4] . It is, therefore, imperative that an accurate diagnosis of OASIS is made 5 . Endoanal ultrasound (EA-US) is a validated technique 6 and is considered to be the gold standard in the diagnosis of anal sphincter defects 7 . In 1993, the first prospective study using EA-US and anorectal physiology tests 7 weeks before and after childbirth revealed that up to one-third of women sustained OASIS that was not clinically diagnosed at the time of delivery 8 . As OASIS was apparent only on an ultrasound examination performed postpartum, it was believed to be occult. Andrews et al. 9 conducted another prospective study in which women having their first vaginal delivery underwent perineal and rectal re-examination by an experienced research fellow and had EA-US performed immediately after delivery and repeated 7 weeks postpartum. This study concluded that most, if not all, sphincter defects that were previously designated as occult OASIS were, in fact, injuries that should have been recognized at delivery. No de-novo defects were identified by ultrasound examination at 7 weeks' follow-up.
It has been shown previously that doctors' and midwives' knowledge of perineal and anal sphincter anatomy is suboptimal 10 . Furthermore, in a national systematic review, considerable variations in the classification and management of OASIS were identified 11 . A prospective audit of the effect of dedicated workshops on the diagnosis and management of OASIS has revealed a significant improvement. However, the rising rate of OASIS 12, 13 has raised concerns, as it has been suggested that OASIS should be considered a performance indicator of obstetric practice 14 . Although many attribute this increase to improved diagnosis and classification, Schizas et al. 15 reported that doctors were overdiagnosing OASIS by 20%.
The aims of this study were to determine, using three-dimensional (3D) EA-US, the accuracy of clinical diagnosis of OASIS and to compare symptoms and anal manometry results between women with anal sphincters adequately repaired and those with persistent anal sphincter defects.
SUBJECTS AND METHODS
Between 2003 and 2013, data of women with clinically diagnosed and repaired OASIS were entered prospectively into the patient database of the perineal clinic at Croydon University Hospital, UK. These women attended the perineal clinic as part of a routine 3-month postpartum follow-up or during the third trimester of a subsequent pregnancy. The Croydon University Hospital perineal clinic is a one-stop consultant-led clinic in which women who are pregnant or up to 16 weeks postpartum with any pelvic floor or perineal disorder are seen.
For the purpose of this study, only women who had been diagnosed clinically with OASIS (third-or fourth-degree perineal tear) were included. Third-degree perineal tears are subclassified, depending on the depth of the injury, into: a grade 3a tear, involving less than 50% of the external anal sphincter (EAS) thickness; a grade 3b tear, involving more than 50% of the EAS thickness; and a grade 3c tear, involving both the EAS and the internal anal sphincter (IAS) [16] [17] [18] . Fourth-degree tears involve injury to the anal sphincter and the anorectal mucosa.
The validated St Mark's Incontinence Score (SMIS) was completed for each woman. SMIS is based on the symptoms of anal incontinence, fecal urgency and the impact of bowel symptoms on quality of life, and ranges from 0 (no anal incontinence) to 24 (severe anal incontinence) 19, 20 . Anal manometry was performed using the validated Stryker 295 modified intracompartmental pressure monitor system (Stryker, Kalamazoo, MI, USA) with an air-filled catheter balloon 8 . The anal length, maximum resting pressure and maximum squeeze pressure were measured. A 3D EA-US system (Bruel and Kjaer Medical, Naerum, Denmark) with a rotating endoanal probe type 2050 was used to image the anal sphincter. All acquired datasets were stored for subsequent evaluation. Since the original prospective study 4 , it has been our practice to classify as an anal sphincter defect only gaps of > 1 h on the 12-h clock face (i.e. > 30
• ) of the middle anal canal EA-US image, in order to avoid overdiagnosis. If no gaps were detected or if the gap was < 1 h, the case was classified as 'no defect' as it was uncertain whether this was a scar at the site of repair or a genuine anal sphincter defect. In 2013, all scan datasets obtained during the previous 10 years were reviewed and analyzed independently by an EA-US expert (A.H.S.) who was blind to the SMIS and anal manometry results. Images with no sonographic evidence of anal sphincter injury were reclassified as 'intact', those with a gap < 1 h in the EAS were classified as 'scar' and those with a gap > 1 h in the EAS were classified as 'defect' (Figure 1 ). IAS and EAS defects were reported separately. The Mann-Whitney U-test was used to compare the SMIS and anal manometry findings between the intact and scar groups and between the intact and defect groups. The same test was used to analyze the differences in anal manometry measurements between women with EAS and those with an IAS defect. Statistical analysis was performed using SPSS for Windows software version 17.0 (SPSS Inc., Chicago, IL, USA) and P < 0.05 was considered statistically significant.
Ethics approval waiver was obtained by Croydon Local Research and Development Committee.
RESULTS
Data were available for 908 women who attended follow-up at the perineal clinic. The mean age was 30 (range, 16-45) years. Seventy-four percent (n = 674) of women were primiparous, 64% (n = 580) had a normal vaginal delivery and 35% (n = 314) had an instrumental delivery (15% vacuum extraction and 20% forceps delivery).
On reanalysis of the 908 EA-US datasets, no evidence of OASIS was found in 64 (7.0%) women, an EAS scar alone was detected in 520 (57.3%) women and an anal sphincter defect was found in 324 (35.7%) women. Of the 324 women with a defect, 112 had an EAS defect, 90 an IAS defect and 122 a combined IAS and EAS defect.
We found that 7% of women with clinically reported OASIS in fact had second-degree tears that were wrongly diagnosed as third-degree tears, as there was no evidence of anal sphincter disruption or repair in the EA-US images.
SMIS results were recorded for 806 (88.8%) patients. As shown in Figure 2 , the score was significantly higher in women with an anal sphincter defect compared with women with no evidence of OASIS (P = 0.018). However, there was no significant difference in scores between women with an intact sphincter and women with an EAS scar.
Anal manometry measurements were compared among the three groups and the results are shown in Table 1 . The anal length was significantly shorter in women with an anal sphincter defect compared with women who had an intact anal sphincter. The maximum resting and maximum squeeze pressures were significantly lower in women with a defect and in women with an EAS scar compared with the intact group, the difference being less marked for the scar group. There was no significant difference in anal manometry measurements between women with an IAS defect and those with an EAS defect, although there was a trend towards a lower resting pressure in women with an IAS defect ( Table 2) . Women with a combined IAS and EAS defect had significantly lower maximum resting and maximum squeeze pressures compared with those who had an IAS defect only. Similarly, women with a combined IAS and EAS defect had a significantly shorter anal length and significantly lower maximum resting and maximum squeeze pressures compared with women who had an EAS defect only.
DISCUSSION
Using EA-US we found that 7% of women in our unit were wrongly diagnosed as having sustained OASIS when, in reality, they had sustained a second-degree tear. The endosonographic interpretation of EAS and IAS anatomy and defects has been validated histologically 6, 21, 22 . Sultan et al. 8 first demonstrated that one-third of OASIS seen on EA-US were not identified clinically. At that time, the authors assumed that these injuries were not visible clinically and thus called them 'occult' OASIS. However, 15 years later, another study demonstrated that virtually all presumed occult EAS injuries could be detected clinically if the operators were trained appropriately 9 . Another study showed that perineal re-examination doubled the rate of OASIS 23 . Increased awareness and implementation of training programs has also resulted in a rise in the OASIS rate; in England, the OASIS rate in primiparae has risen three-fold from 1.8% to 5.9% over a 10-year period 13 . It is possible that anxiety and fear of missing OASIS among doctors may have resulted in overdiagnosis, as other studies have reported rates as high as 20% 15 and 32% 24 . In addition, the torn EAS can be misconstrued for the torn superficial transverse perineal (STP) muscle, which is of similar color (Figure 3) . The only distinguishing feature of the STP muscle is that it arises laterally from the pubic rami, whereas the torn EAS surrounds the anal canal and upward traction on the torn muscle ends would result in elevation of the anal canal 25 . Failure to identify the EAS ends and consequent inadvertent repair of the STP muscle could explain the high rates of severe sphincter defects following primary repair 25 . This highlights the need for focused training and direct senior supervision during the diagnosis and repair of OASIS. Similar to other studies 26, 27 , we found that women with an anal sphincter defect had a significantly higher SMIS. Vaccaro and Clemons 28 reported that anal incontinence symptoms persist in 11% of women after repair of OASIS.
Using 3D EA-US and anal manometry, we found that women with both an anal sphincter defect and an EAS scar had significantly lower resting and squeeze pressures compared with women who had an intact anal sphincter, but this difference was less prominent in women with an EAS scar. Moreover, the pressures were significantly lower in women with an anal sphincter defect compared with women with a scar (Table 1) . This supports the hypothesis that there is a small degree of functional compromise even with good apposition, but not to the same extent as having an anal sphincter defect.
In this large study we have differentiated a linear anal sphincter scar from a defect. In our experience, particularly from verified sphincter injuries including repaired grade 3a tears 9 , there is invariable evidence of a scar or distortion of anal sphincter anatomy. In this study, if there was any doubt, the case was not classified as a missed tear. Other studies have shown reduced anal manometry pressures only in women with a defect and combined EAS and IAS injury 29 . This has clinical relevance as the endosonographic and manometric findings are useful in providing feedback to obstetricians on the adequacy of their repairs and can also improve counseling of women who have previously sustained OASIS regarding future mode of delivery 4, 30, 31 . Ideally, this should be carried out in a dedicated one-stop perineal clinic with EA-US and anal manometry facilities 32 and women without evidence of OASIS should be reassured.
Our study showed a positive correlation between combined sonographic defects and abnormal anal manometry (shorter anal length and lower resting and squeeze pressures). IAS defects have been independently correlated with severe anal incontinence symptoms 33 . These results concur with those of previous studies [34] [35] [36] [37] , highlighting the importance of the accurate diagnosis of IAS injuries and adequate repair 29 . Structured hands-on training workshops have been shown to improve a doctor's ability to identify and repair OASIS 38 .
In this study we found that the anal length was significantly shorter in women with an anal sphincter defect compared with women with an intact sphincter or EAS scar (Table 1) . This has clinical relevance as it indicates that the full length of the disrupted sphincter was not approximated during the repair. Nordeval et al. 39 showed that a short sphincter was associated with a poorer outcome and that there was an inverse correlation between the sphincter length and the degree of anal incontinence. Furthermore, Hool et al. 40 reported that the postoperative anal length after secondary sphincter repair best predicted continence. The importance of restoring the full length of the ruptured sphincter during primary repair has been previously highlighted 16, 35 . Moreover, inadequate repair of the appropriate muscle could explain the low pressures and persistent defects in one-third of women with OASIS. However, a better understanding and re-enforcement of this important principle during repair is best implemented during hands-on training workshops that incorporate an understanding of applied anatomy and physiology (www.perineum.net; www.IUGA.org: PROTECT). In the UK, over a period of 10 years, perineal trauma accounted for 9% of total obstetric claims and £31 million were awarded in legal payouts 41 . The morbidity associated with perineal trauma and the consequent burden to the National Health Service highlights the need to focus on prevention (e.g. avoiding midline episiotomy, preference of vacuum extraction over forceps for instrumental delivery and adopting techniques such as perineal support in the second stage of labor 42 ), accurate identification and appropriate management of perineal and anal sphincter trauma.
It has been suggested that perineal/EA-US in the postpartum period may improve the clinical detection of OASIS 43, 44 . Faltin et al. 43 performed a randomized controlled trial and reported that severe fecal incontinence was significantly lower (3.3% vs 8.7%) in women who had EA-US in addition to clinical assessment. However, OASIS diagnosed sonographically were not identified clinically in five women and the unnecessary exploration resulted in additional morbidity.
In conclusion, we have shown that 7% of women in our unit who had a clinical diagnosis of OASIS were wrongly diagnosed as they sustained only a second-degree tear. We believe that training methods and competency assessment tools for the diagnosis and repair of OASIS need urgent reappraisal. The role of EA-US in the immediate postpartum period needs further evaluation as it will be dependent on the expertise of the staff available in the acute situation to interpret accurately the images.
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